Introduction
Overweight and obesity are linked to serious health consequences, notably cardiovascular diseases, which are the world's number one cause of death in developed as well as in developing countries [1] . Studies have shown that obese people have a 5 times greater incidence of hypertension than those of normal weight [2, 3] . The obesity epidemic has also been linked to an increase in the number of children with high blood pressure. Scientists in the United States (US) found that while more than 3% of children studied had high blood pressure, three-quarters of them had not been properly diagnosed [4] . Around 30% of overweight children have abnormal blood pressure. Therefore, weight loss is the initial treatment choice for high blood pressure in children [5] .
In a developed country such as the US, more than 4 million children are estimated to have hypertension, a number that has increased 5-fold over the last 30 years, and has been linked to growing obesity in children among other factors [6] . The same pattern has been found in developing countries; for example in India the prevalence of hypertension in overweight schoolchildren was significantly higher than that among normal weight children [7] . An emerging double burden of both malnutrition and obesity has also been identified in developing countries. This poses the possibility that such an association could also be present in Aden, a city in southern Yemen, where there is a lack of data about these issues. The aim of the present study was to investigate the relationship between overweight/obesity and high blood pressure levels in primary-school children from Aden governorate. The results of the study will help to design programmes for the prevention and control of the disease in childhood, which could decrease the impact of chronic disease in adulthood.
Methods
This was an observational, cross-sectional study, conducted in Aden governorate, Yemen. The data collection period was from February to December 2009. Approval for the study was obtained from the Faculty of Medicine and local authorities. Informed consent was obtained from the parents for their children to be enrolled in the study.
Sample
The study subjects were chosen from the target population that included all of primary-school children of Aden governorate aged between 6 and 16 years (108 982 children) [unpublished data, Ministry of Education, Aden, Yemen]. In Yemen, primary school (basic) education start at age 6 years and continues for 9 years. From the total of 130 schools, 8 schools were selected using multistage stratified random sampling, with attention to proportional allocation by type of school (public or private), in each geographical area of the city, to obtain a representative sample of the target population. The schools were numbered and chosen using random tables. One class from each level was randomly chosen in the selected schools. The children were selected from each school record by systemic random sampling technique. After taking into account a possible 20% non-response rate and with 95% confidence, the sample size was calculated to be 1953 students, who were selected from 6 public and 2 private schools from 4 district of Aden governorate (AlMansora, Shaikh-Othman, Dar Sad and KhorMakser) [8] . From 1953 students given consent forms, 1885 consented and participated in the study (96.5% of response rate).
Data collection
The measurements of body weight and height were carried out by the researcher assisted by medical assistants in the school. Body weight was measured to the nearest 0.1 kg using an electronic scale (Seca, Japan). Body height was measured to the nearest 0.5 cm using a stadiometer (Seca, Germany) as the child stood erect against a vertical wall, in the Frankfort plane according to the published data [9] . Body mass index (BMI) was calculated as the ratio of the body weight to the square of body height (kg/m 2 ), and was classified into 4 categories to assess nutritional status as: wasted (< 3rd percentile), normal weight (≥ 3rd-< 85th percentile), overweight (≥ 85th-< 97th percentile) and obese (≥ 97th percentile). This classification was in accordance with the recommendations of the World Health Organization (WHO) Expert Committee in Overweight, and the 2007 WHO growth reference standards [10] . Twenty students (not included in the studied sample) were measured to calculate the intra-observer technical error of measurement. The range of values (0.1-0.3 for weight and 0.001-0.013 for height) were within the acceptable range [11] .
Blood pressure was recorded twice by the researcher, and the value of the average systolic/diastolic blood pressure was classified according to the tables with cutoff points for each age, sex and height percentile as: normal (average systolic and diastolic blood pressure < 90th percentile), prehypertension (≥ 90th-< 95th percentiles) and hypertension (≥ 95th percentile) [12] . The blood pressure manometers used a cloth cuff with an inflatable rubber chamber. The widest chamber was used to increase the validity of the measurement. The chamber was wrapped around 80% to 100% of the right arm circumference, measured at the average point between the acromion and the olecranon, leaving the elbow bend and the axillary region free. Its height corresponds to 40% of this circumference. The sitting blood pressure measurement was taken twice by electronic scale, and the average values were recorded [13] .
Data analysis
Data were processed and analysed using SPSS software, version 15. The chi-squared test, with a significance level of 5% (P < 0.05) was used to determine the possible relationship between overweight/obesity and blood pressure levels between the children.
Results
The 1885 schoolchildren participants were aged between 6 to 16 years (mean age 10.9 years). The results for nutritional status showed that overall 190 children (10.1%) were wasted, 1305 (69.2%) normal weight, 239 (12.7%) overweight and 151 (8.0%) obese, From the total study group, 8.2% of the children had blood pressure levels defined as prehypertension and 2.4% as hypertension. Although the rate of prehypertension was slightly higher for females (9.4% versus 7.1% in males), for hypertension the results were similar (2.3% for males and 2.4% for females). There was no statistically significant relationship between sex and blood pressure in these children (Table 1) .
There was a statistically significant relationship, however, between age group and the rate of prehypertension and hypertension (P < 0.05). In general, the proportion of children with normal blood pressure level in each age group was greater than those with prehypertension and hypertension. The rate of hypertension in children aged 6-9 years and 10-12 years (3.1% and 3.4% respectively) was significantly higher than those aged > 12 years (0.8%). In addition, the rate of prehypertension was lower in those aged 10-12 years (7.6%) compared with those aged 6-9 years and > 12 years (8.4% and 8.6% respectively) ( Table 1) .
There was a statistically significant relationship between the blood pressure levels and the presence of overweight/ obesity in children (P < 0.05). Children who were overweight/obese showed a higher rate of prehypertension (21.8%) than those who were wasted/normal weight (4.7%). This was also true for hypertension (10.0% among overweight/ obese children versus 0.4% for wasted/ normal children) (Figure 1) .
When linear regression analysis was applied it showed a linear relationship between child's BMI and age as predictor variables for both systolic and diastolic blood pressure ( Table 2) . The values of the multiple correlation coefficients (R) that indicate the strength of the association were 0.54 for systolic blood pressure and 0.41 for diastolic blood pressure; and the relationship was statistically significant (P < 0.05). The child's BMI made a higher contribution than child's age for both measures of blood pressure as the correspondent standardized coefficients show (0.37 for systolic blood pressure and 0.30 for diastolic blood pressure versus 0.24 and 0.15 respectively for child's age). According to the values of the coefficients R 2 , child's age and child's BMI explained around one-third of the variation in the model for systolic blood pressure (R 2 = 0.29) and around one-sixth of the variation in the model for diastolic blood pressure (R 2 = 0.16) ( Table 2 ).
Discussion
The results of the present study demonstrated that the overall prevalence of wasting among primary-school children from Aden governorate was high (10.1%). On the other hand, the prevalence of overweight and obesity were also high (12.7% and 8.0%, respectively), as an expression of the double burden of disease that has been described for malnutrition in underdeveloped countries [14] .
In general the study showed that the rate of abnormal blood pressure was higher, although not significant, in girls than in boys; this could be explained by the hormonal modifications related to puberty, which starts earlier among girls than among boys [15] . This agrees with some researches in Kuwait, India [16, 17] . There was a significant relationship between age group and frequency of high blood pressure, with higher rates of hypertension in those aged 6-9 years and 10-12 years in this study. This is in agreement with one study in Germany [18] . Our study showed a statistically significant relationship between the presence of overweight/obesity and increased blood pressure in students. Increased blood pressure (prehypertension or hypertension) was present in 31.8% of overweight/obese children and this corresponds to other articles, which reported that 30%-35% of overweight/obese children had abnormal blood pressure [5, 17, 19] . Some researchers reported a relationship between hypertension in schoolchildren and consanguineous parents, family history of hypertension and obesity [16, 20] . Hypertension was linked to sedentary lifestyles, altered eating habits, high fat content of the diet and low physical activity, but also possibly to genetic factors.
BMI is associated with blood pressure, as confirmed in the present study by the presence of a linear relationship, with child BMI and age combined as predictor variables of systolic and diastolic blood pressures. Both factors explained around one-third and onesixth of the association in the models for systolic blood pressure and diastolic blood pressure respectively. This suggests that other factors may have influenced trends in blood pressure over time. Such factors may include nutrition characteristics, such as the intake of fruits, vegetables or dairy products or salt. According to the literature, whereas the total calorie intake has increased greatly in most countries worldwide, mixed trends (favourable and unfavourable) have been observed for specific nutrients that relate to hypertension [21] . There are no published data about these factors in the study group of Yemeni primary-school children.
Secular changes in non-dietary factors may also have impacted on the trends in elevated blood pressure over time according to the literature. Studies have shown that low birth weight is associated with elevated blood pressure in adults and children [22] . Increased stature of mothers, favourable changes in socioeconomic factors and other factors such as improved maternal nutrition can be related to increased blood pressure [21] . Breastfeeding has been related to lower blood pressure in children, which can be a result of the low salt content and high long-chain polyunsaturated fatty acid content of breastmilk [23] . Finally, in many countries, the amount of reported physical activity (particularly walking time or leisure exercise) has generally decreased [21] . In addition to being a risk factor for obesity (itself related to elevated blood pressure), low physical activity has been associated independently with higher blood pressure in children [24] . Again, there are no published data about these issues in the study population. So, future research should focus on identify the factors which are causing the increased prevalence of overweight and associated high blood pressure in primary-school children from Aden.
Conclusion
This study showed that the prevalence of overweight and obesity were high in this population. In addition, the rates of high blood pressure, expressed as prehypertension and hypertension, were associated overweight and obesity of the children. The rate of abnormal blood pressure was higher in children aged 6-12 years while the child' sex had no effect in this population. The child's BMI combined with age could predict systolic and diastolic blood pressure in these children. The results confirmed that BMI was associated with blood pressure, implying that weight loss is a useful intervention in children with hypertension. Blood pressure levels should be assessed regularly in children and adolescents, and studies should be conducted to determine the prevalence of high blood pressure in this group nationwide. Unless effective procedure and preventive strategies are instituted at the local and national level, these data may predict a possible rise in cardiovascular disease in adults in future decades.
